Understanding substitution effects on dye structures and optoelectronic properties of molecular halide perovskite Cs4MX6 (M=Pb, Sn, Ge; X= Br, I, Cl).
Recently years have witnessed the rapid progress of the halide perovskite materials that could be applied to photovoltaics and light-emitting diodes (LED). Due to the structural similarity with respect to the three-dimensional (3D) halide perovskite materials, the molecular state of the halide perovskites has received much attention. In this manuscript, we employ first-principles calculations to systematically investigate the possible routes to design cesium-based molecular halide perovskite material Cs4MX6 via substituting the halide and metal atoms. The substitution method is found to be effective to modulate the electronic and optical properties of the molecular halide perovskites. In particular, the halide mixing is beneficial to improve the optical properties of the Cs4PbX6 molecules. We propose that the molecular halide perovskite Cs4MX6 could be used as organic dye substitutes in various applications. This study is important for the fundamental understanding of the molecular halide perovskite materials and facilitates the design of Cs4MX6 as alternative molecular dyes to be selected for optoelectronic applications.